shown to have prognostic significance are Q-wave abnormalities, ST-T abnormalities with or without high left R waves, prolonged QRS duration, and atrial fibrillation (AF). [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] 
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The transitional zone is related to the direction of the QRS axis in the horizontal plane. Although clockwise rotation and counterclockwise rotation are distinct findings of ECG, their clinical values have not been well studied, and their prognostic significance has been studied only rarely. The aim of the present study was to assess the independent prognostic values of clockwise rotation and counterclockwise rotation for mortality due to CVD and its subtypes in a large cohort of participants obtained from randomly selected health districts in Japan. 24, 25 
Methods

Participants
Cohort studies of the National Survey on Circulatory Disorders, Japan, are known as NIPPON DATA (National Integrated Project for Prospective Observation of Noncommunicable Disease and Its Trends in the Aged). The present study analyzed data from NIPPON DATA80, in which baseline surveys were performed in 1980. Details of this cohort have been reported elsewhere. 24, 25 Three hundred health districts throughout Japan were randomly selected. The overall population aged Ն30 years in the participating health districts was 13 771. All of them were invited to participate in the study. Among them, a total of 10 546 community-based participants agreed to participate in the study. The participation rate was 76.6% (10 546 of 13 771) before exclusion for reasons mentioned below. The survey consisted of history taking, physical examinations, blood tests, a standard 12-lead ECG recording in the supine position, and a self-administered questionnaire on lifestyle. For the present study, participants were followed up to 2004 (NIPPON DATA80, 1980 .
Participants were excluded from follow-up because of missing baseline data (nϭ124), a past history of coronary heart disease (CHD) or stroke at baseline (nϭ164), or loss to follow-up (nϭ1105). The latter group was excluded because of the absence of a permanent address that was needed to link to vital statistical records. We also excluded 86 participants with baseline ECG abnormalities including moderate or severe Q-wave abnormalities (Minnesota Code [MC] 1-1 or 1-2), third-degree atrioventricular block (MC 7-1), WolffParkinson-White syndrome (MC 6-4), and complete left bundlebranch block (MC 7-1). 26, 27 The final sample comprised 9067 participants (3958 men and 5109 women). There were no significant differences between participants who were lost to follow-up and those who were included in the present study in terms of several risk factors.
Biochemical and Baseline Examinations
The baseline surveys were conducted at public health centers according to a standardized manual. Blood pressure was measured by trained research nurses using a standard mercury sphygmomanometer on the right arm of seated participants after at least 5 minutes of rest. Hypertension was defined as systolic blood pressure Ն140 mm Hg, diastolic blood pressure Ն90 mm Hg, use of antihypertensive agents, or any combination of these. Height and weight were measured in subjects without shoes and with light clothing. Body mass index (BMI) was calculated as weight (kg) divided by the square of height (m 2 ). A lifestyle survey was also performed with the use of a selfadministered questionnaire. Participants were asked about their alcohol drinking habit (never, past, occasional, and daily drinkers). Reported information was confirmed by public health nurses through interviews with the study participants regarding smoking, drinking habits, and present and past medical histories.
Casual blood samples were drawn and centrifuged within 60 minutes of collection and stored at Ϫ70°C until analyses, as described previously. 24, 25, 28, 29 The ECG findings were independently evaluated by 2 trained researchers in each of 12 institutions according to the MC, as described previously. 30 Codes in agreement were accepted, whereas inconsistent codes were decided on by a panel of study epidemiologists and cardiologists. 28 Major ECG findings for the present study were counterclockwise rotation (MC 9-4-1: a transition zone at V 3 or rightward of V 3 ) and clockwise rotation (MC 9-4-2: a transition zone at V 4 or leftward of V 4 ). Thus, MC defines normal rotation as ECG coded neither as 9-4-1 nor as 9-4-2. In other words, ECGs showing dominant S in V 3 and dominant R in V 4 are defined as normal rotation. Normal-rotation ECGs have an isoelectric transitional zone in between V 3 and V 4 , which was found in the majority of cases. Additional ECG findings (http://www.sph.umn.edu/epi/ecg/ mncode.pdf) 27 that we examined were mild Q-wave abnormality (MC 1-3), frontal plane QRS axis deviations (MC 2-1, 2-2, 2-3), high R wave (MC 3-1 to 3-4), ST depression (MC 4-1 to 4-4), T-wave abnormality (MC 5-1 to 5-5), combination of high R plus either ST depression or T abnormality, first-or second-degree atrioventricular block (MC 6-2 or 6-3), intraventricular conduction disturbances (bundle-branch block) other than left bundle-branch block (MC 7-2-1 to 7-8), ventricular premature beats (MC 8-1-2), AF (MC 8-3), sinus tachycardia (MC 8-7), sinus bradycardia (MC 8-8), low QRS voltage (MC 9-1), ST elevation (MC 9-2), tall P wave (MC 9-3-1), and long P wave (MC 9-3-2). 26, 27 Although reproducibility of ECG findings was not checked in this study, a previous study by de Bruyne et al 31 showed that reproducibility of QRS axis deviation was excellent. We presume that reproducibility of clockwise rotation and counterclockwise rotation should be similarly good. The prevalence values of normal rotation, clockwise rotation, and counterclockwise rotation in the present study, the baseline study of which was done in 1980, were 51.7%, 6.9%, and 41.4%, respectively, and those in the study done in 1990 in different participants were 50.7%, 7.0%, and 42.3%, respectively. These results may support good reproducibility of the ECG findings.
End Point Determination
To determine cause of death after 24-year follow-up, we used the National Vital Statistics database of Japan with permission from the Management and Coordination Agency, Government of Japan. The underlying causes of death were coded according to the International Classification of Diseases, Ninth Revision (ICD-9) through the end of 1994 and according to the International Classification of Diseases, Tenth Revision (ICD-10) from the beginning of 1995. The details of classification in the present study are described elsewhere. 16, 22, 23 CVD (ICD-9: 393-459 and ICD-10: I00 to I99), CHD (ICD-9: 410 -414 and ICD-10: I20 to I25), heart failure (HF) (ICD-9: 428 and ICD-10: I50), stroke (ICD-9: 430 -438 and ICD-10: I60 to I69), and chronic obstructive pulmonary disease (ICD-9: 491, 492 and ICD-10: J41 to J44) were identified. Approval for the study was obtained from the institutional review board of Shiga University of Medical Science (No. [12] [13] [14] [15] [16] [17] [18] 2000) .
Statistical Analysis
SAS version 9.2 for Windows (SAS Institute, Cary, NC) was used throughout the analyses. Variables were compared among the 3 groups according to ECG horizontal plane rotation (normal, clockwise rotation, and counterclockwise rotation). The 2 test was used to compare dichotomous variables, followed by a post hoc application of the Bonferroni method. A 1-way ANOVA was used to compare means among the groups, followed by a post hoc application of the Dunnett test when the F value showed a significant difference at PϽ0.05. Prevalence of clockwise rotation and counterclockwise rotation among age and BMI groups was also examined. To obtain P for trend, the Mantel-Haenszel test was used.
To examine the factors associated with CHD, HF, stroke, CVD, and total mortality, multivariate-adjusted hazard ratios (HRs) were calculated with the use of a Cox proportional hazards model. Men and women were analyzed separately in model 1 to model 3 and were combined in model 4. Covariates in model 1 were age and ECG horizontal plane rotation (normal, clockwise rotation, and counterclockwise rotation; normal was taken as a reference). Model 2 consisted of model 1 plus BMI (5 categories divided at 18.5, 23, 25, and 30 kg/m 2 ; 18.5-23ϭreference), hypertension, cigarette smoking (never and past smokers and 3 current smoker categories divided at 20 and 40 cigarettes per day; never smokersϭreference), alcohol drinking (ex-drinker or current drinker and never drinker; never drinkersϭreference), serum total cholesterol and blood glucose concentrations (standardized to have the meanϭ0 and SDϭ1), serum creatinine (divided at 75th percentile, 1.0 mg/dL), and interaction terms. Model 3 consisted of model 2 plus ECG findings (mild Q-wave abnormality, frontal plane QRS axis deviations, combination of high R [MC 3-1 to 3-4] plus either ST depression or T abnormality, first or second degree atrioventricular block, bundlebranch block other than left bundle-branch block, ventricular premature beats, AF, sinus tachycardia, sinus bradycardia, low QRS voltage, ST elevation, tall P wave, and long P wave), and interaction terms. Model 4 consisted of model 3 plus sex indicator and interaction terms. In addition, the following sensitivity analyses for model 4 CVD mortality were performed: dichotomizing at age 60 years, subgroup analyses by frontal axis groups and by smoking groups, removing participants with AF, and removing participants with a combination of high R plus either ST depression or T abnormality. We tested proportionality by generating the timedependent covariates by creating interactions of the predictors and a function of survival time and including them in the models. None of these were significant. In addition, by using a "test" statement, we tested all of the time-dependent covariates at once. This also was not significant. We confirmed the linearity assumption by plotting each continuous predictor variable against the martingale residuals from a Cox model. The additivity was tested by checking interaction terms between age, sex indicators, and other predictors. If any of these was significant, the interaction terms were included in the models. Baseline characteristics, total mortality, and mortality due to chronic obstructive pulmonary disease, CVD, and its subtypes according to ECG rotation groups are shown in Table 1 . Among men, 56.0% were in the normal rotation group, 8.2% in the clockwise rotation group, and 35.8% in the counterclockwise rotation group. In men, in the clockwise rotation group, mean age and prevalence of CHD, HF, CVD, and total death were higher than in men in the normal group, whereas mean BMI was lower than in men in the normal group. In contrast to these differences, in men in the counterclockwise rotation group, mean BMI was higher, and the prevalence values of current smokers, CVD, and total death were lower than in men in the normal group.
Results
Descriptive Statistics
Among women, 48.4% were in the normal rotation group, 5.8% in the clockwise rotation group, and 45.8% in the counterclockwise rotation group. In women in the clockwise rotation group, mean age, total cholesterol, blood glucose, and prevalence of hypertension, HF, CVD, and total death were higher than in women in the normal group. In contrast Values are shown as meanϮSD or percentages. Baseline characteristics and mortality due to cardiovascular disease (CVD) and its subtypes were compared among the 3 groups according to ECG horizontal plane rotation (normal, clockwise, and counterclockwise). The 2 test was used to compare dichotomous variables, followed by a post hoc application of the Bonferroni method. A 1-way ANOVA was used to compare means among groups, followed by a post hoc application of the Dunnett test when the F value showed a significant difference at PϽ0.05. NIPPON DATA80 indicates National Integrated Project for Prospective Observation of Noncommunicable Disease and Its Trends in the Aged, 1980 to 2004; BMI, body mass index; alcohol drinker, those participants who admitted to drinking alcohol daily; smoker, those participants who admitted to smoking currently; cholesterol, serum total cholesterol concentration; CHD, coronary heart disease; HF, heart failure; and COPD, chronic obstructive pulmonary disease. *PϽ0.05; †PϽ0.01, compared to Normal.
to these differences, for women in the counterclockwise rotation group, mean age was lower, mean BMI was higher, and the prevalence values of hypertension, stroke, CVD, and total death were lower than in women in the normal group. Baseline ECG characteristics according to ECG rotation groups are shown in Table 2 . In men in the clockwise rotation group, prevalence values of a mild Q wave, left axis and mild right axis deviations, T-wave inversion, and AF were higher than in men in the normal group, whereas prevalence of a high R wave was lower than in men in the normal group. In men in the counterclockwise rotation group, the prevalence values of a mild Q wave, mild right axis deviation, ST depression, bundle-branch block other than left bundlebranch block, and AF were lower than in men in the normal groups. In women in the clockwise rotation group, prevalence values of left axis and mild right axis deviations, ST depression, T-wave inversion, AF, sinus tachycardia, and low voltage were higher than in women in the normal group. In women in the counterclockwise rotation group, prevalence values of mild right axis deviation and low voltage were lower than in women in the normal groups.
Associations of Age and BMI Categories With Clockwise Rotation and Counterclockwise Rotation
Associations of age and BMI categories with clockwise rotation and counterclockwise rotation are shown in Tables 3   and 4 . In both men and women, prevalence of clockwise rotation became higher as age increased. In contrast, prevalence of counterclockwise rotation in women became lower as age increased. In both men and women, prevalence of clockwise rotation became lower in the middle BMI groups; in contrast, prevalence of counterclockwise rotation was higher in the middle BMI groups.
Associations of Clockwise Rotation and Counterclockwise Rotation With Total Mortality and Mortality Due to CVD and Its Subtypes
Results of Cox analyses on the associations of clockwise rotation and counterclockwise rotation with total mortality and mortality due to CVD and its subtypes are shown in Table  5 . In general, clockwise rotation tended to be positively associated and counterclockwise rotation tended to be inversely associated with total mortality and mortality due to CVD and its subtypes. Clockwise rotation was significantly positively associated with HF in men and women combined (model 4) (HRϭ1. 
Discussion
We found a significant positive association of clockwise rotation and a significant inverse association of counterclockwise rotation with CVD mortality in men. We also found a significant positive association of clockwise rotation with HF in men and women combined and with total mortality in men and in men and women combined. The findings were independent of other confounding factors including blood chemical measurements and other ECG findings.
The prognostic values of major and minor ECG abnormalities at baseline for subsequent risk of incidence and/or death from CVD have been studied extensively throughout the long history of ECG studies. Other ECG changes that have been shown to have prognostic significance are Q-wave abnormalities, ST-T abnormalities with or without left high R waves, prolonged QRS duration, and AF. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Although clockwise rotation and counterclockwise rotation are distinct findings on ECG, their clinical values have not been well studied, and their prognostic significance has seldom been studied. One exceptional study was done by Rajala et al, 32 who found that stroke mortality showed the highest association with clockwise rotation and left high R waves among most of the participants aged Ն85 years. Horibe et al 30 studied the relationship between ECG findings coded by the MC system and all-cause mortality using the NIPPON DATA80 database with follow-up for 19 years and noted that the HR of participants with clockwise rotation was significantly high. No further investigation was made.
Some studies have investigated the mechanisms of clockwise rotation and counterclockwise rotation. Tahara et al 33 examined computed tomographic scans of 102 participants to compare the anatomic position of the cardiac septum and ECG position of the transitional zone. They concluded that approximately two thirds of clockwise rotation and counterclockwise rotation could be explained by anatomic rotation of the heart in the horizontal plane around the long axis, and in the remaining one third of cases, other factors such as vertical heart were responsible. It is also known that counterclockwise rotation is more common in healthy young individuals. 34, 35 A higher prevalence of clockwise rotation was reported in the setting of acute massive pulmonary thromboembolism. 36 -38 Counterclockwise rotation was reported to occur after right pneumonectomy. 39 Except for age-specific differences in the prevalence of clockwise rotation and counterclockwise rotation, many of these reports appear to be unrelated to situations in the present study.
We speculate regarding the reasons for the harmful effect of clockwise rotation and the beneficial effect of counterclockwise rotation on CVD mortality. First, the age-specific prevalence of clockwise rotation and counterclockwise rotation may be related. Clockwise rotation was more prevalent and, in contrast, counterclockwise rotation was less prevalent in the older age groups in the present study. These findings are consistent with the aforementioned studies. 34, 35 Second, less prevalent clockwise rotation and more prevalent counterclockwise rotation among those in the middle BMI groups may also be related because it has been shown that a U-shaped relationship is at work between BMI and several outcomes. 40 Third, mild Q wave, axis deviation, ST depression, T-wave inversion, and AF were more prevalent among participants with clockwise rotation than in normal participants in men and women. Many of these features were less prevalent among participants with counterclockwise rotation than in normal male and female participants. Some of these ECG features have been shown to be associated with untoward outcomes. 10 -24 Although all of the factors mentioned thus far were included as confounding factors in multivariate Cox analyses, we cannot exclude the possibility that the adjustment might not have been complete. Further studies are needed to elucidate the mechanisms involved in the harmful Multivariate-adjusted hazard ratios (HR) of mortality associated with clockwise and counterclockwise rotation in comparison with normal rotation are shown. We calculated HR using a Cox proportional hazards model. Men and women were analyzed separately and combined. For the following models, the following covariates were included: model 1, ageϩECG (normal, clockwise rotation, and counterclockwise rotation; normal was taken as a reference); model 2, model 1ϩbody mass index (5 categories), hypertension, cigarette smoking (5 categories), alcohol drinking (3 categories), serum total cholesterol and blood glucose concentrations, serum creatinine (cutoff at 1.0 mg/dL), and significant interaction terms; model 3, model 2ϩother ECG findings and significant interaction terms; and model 4, model 3ϩsex indicator and significant interaction terms. NIPPON DATA80 indicates National Integrated Project for Prospective Observation of Noncommunicable Disease and Its Trends in the Aged, 1980 to 2004; CI, confidence interval; CHD, coronary heart disease; HF, heart failure; and CVD, cardiovascular disease.
effect of clockwise rotation and beneficial effect of counterclockwise rotation on CVD mortality. The clinical significance of clockwise rotation and counterclockwise rotation, which has been ignored for Ͼ100 years, is worth noting.
We had a large cohort of participants who were obtained from randomly selected health districts in Japan. The participants in our study were observed for 24 years, which is a long follow-up period and increases the value of our study substantially.
Study Limitations
There are some limitations to the present study. First, 1105 participants (Ϸ10%) were lost to follow-up. There were no significant differences between participants who were lost to follow-up and those who were included in the present study in terms of several risk factors. Therefore, the potential bias regarding the participants lost to follow-up may be negligible. However, unobserved information related to outcomes might have led participants to drop out of our study early. We cannot exclude that this might lead to a bias. Second, our study participants were limited to only Japanese men and women. Although previous studies showed that other ECG findings with proven prognostic values in the United States and Europe were also applicable in Japanese men and women, 17, 20, 22, 30 confirmation studies in a non-Japanese population may be needed. Third, we used a single ECG at baseline. It is well recognized that single biological measurements are subject to variability, and ECG abnormalities may have changed over time. In addition, it is possible that lead placement variability affected the transition point of the V leads. This might lead to dilution and underestimation of the strength of the relative risk relations as a result of misclassification. Fourth, MC was coded by visual reading in our study. Computerized ECG analysis is reportedly superior to visual reading for better reliability 41 ; however, ECG reading in the study was performed under the best standardized quality control by well-trained physicians.
Conclusions
We found a significant positive association of clockwise rotation and a significant inverse association of counterclockwise rotation with CVD mortality in men and in men and women combined, independent of confounding factors including other ECG changes.
